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I. Storm Water Detention and Storm Water Quality 
 

A. When Required 
 

1. Stormwater detention and water quality requirements shall be evaluated for 

all projects. Specifically, stormwater detention and water quality shall be 

required for projects as outlined below: 

 
a. Water quality treatment is required for all development projects that 

disturb greater than or equal to one acre, including projects less than 

one acre that are part of a larger common plan or development, as 

follows. 

 
i. For all new development projects, controls shall be designed 

and implemented to prevent or minimize water quality 

impacts to the maximum extent practicable. This includes 

assessment of site characteristics at the beginning of design 

with the goal of protecting sensitive areas, minimizing the 

creation of stormwater pollution, and utilizing Best 

Management Practices that effectively remove stormwater 

pollution.  This can be achieved by reasonably mimicking 

pre-construction runoff conditions, such as reducing runoff 

volume through infiltration, evapotranspiration and/or 

rainwater harvesting or reuse. 

 
ii. For all redevelopment projects, water quality strategies and 

technologies, including those that reduce runoff volume, 

shall be effectively used to the maximum extent practicable.   

 
iii. The existence of downstream stormwater problems may 

require water quality treatment, regardless of disturbance 

size, at the discretion of the City.  

 
b. Channel protection and flood protection are required as follows. The 

differential runoff is calculated by the Modified Rational Method. 

 
i. Channel protection and flood protection is required for all 

projects which have a differential runoff of 2 cfs or more for the 

15-year, 20-minute event.   

 
ii. Subsequent development of sites without prior stormwater 

detention that have a cumulative differential runoff since 

January 1, 2007 that equals 2 cfs or more require channel 

and flood protection. 

 
iii. Redevelopments and subsequent development with prior 

stormwater detention are exempt from providing additional 
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channel protection and flood protection for the existing 

runoff.  These projects are only required to provide channel 

and flood protection for the increase in runoff.  When existing 

stormwater management facilities will be used to 

accommodate the increase in runoff from subsequent 

development or redevelopment, the facilities shall be 

retrofitted to meet the current stormwater management 

requirements for the additional runoff.    

 
iv. The existence of downstream stormwater problems may 

require subsequent development or redevelopment projects 

to provide additional detention, regardless of differential 

runoff at the discretion of the City. 

 
B. Water Quality Standards Substitution 

 
1. Substitution of Water Quality Standards from Surrounding Municipalities 
  

The Developer at his discretion may utilize a water quality standard from 
another municipality with a population over 15,000 within St. Charles 
County that is in compliance with State and Federal Water Quality Standard 
requirements.    
 

2.  The Developer shall provide City Staff a letter stating their intent to use an 
alternate water quality standard in writing at the time of Improvement Plan 
submittal. 

 
3. The Developer shall include in this submittal a statement that the standards 

utilized are in compliance with State and Federal water quality standards 
and provide a copy of the St. Charles County municipalityôs water quality 
standards being utilized.   

 
4. The substitution of standards shall not apply to the easement and 

ownership requirements of the City, it shall only apply to methodology and 
best management practices for storm water quality in an effort to provide 
greater flexibility in compliant design.  

 

C. Stormwater Detention and Water Quality Sizing Criteria 
 

1. General 
 

This section presents the sizing criteria for stormwater facilities to meet 
pollutant removal goals, reduce channel erosion, prevent flooding, and pass 
extreme floods. A very brief summary is listed below.  

 
SUMMARY OF THE KEY COMPONENTS AND STORMWATER 
CRITERIA 

Stormwater Volume General Criteria and Calculation Method  
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Water Quality Volume 
(WQv ) (ft

3) 
WQv shall be treated using one of the 
allowable BMPs. 
WQv = [(P/12)(Rv)(A*43,560)] 
P = rainfall depth = 1.14in  
Rv = volumetric runoff coefficient 
A = area in acres 

Channel Protection 
Storage Volume (Cpv) 

Cpv = 24 hour extended detention of post-
developed one-year, 24 hour storm event 

Flood Protection Volume 
(Qp2 & Qp25) 

The post-developed routed peak flow from 
the site may not exceed the existing routed 
peak flow for the 2-year and 25-year, 24-
hour events, or the allowable release rates 
for applicable watersheds. Calculated using 
NRCS unit hydrograph method routed 
through the detention basin(s). 

 
Subtraction for Non-structural Practices: When non-structural practices are 
employed in the site design, the WQv volume and to a lesser extent the Cpv 
and Qp can be reduced in accordance with the conditions outlined in 
Section 6.05.07 and 6.08. 
 
The following sub-sections provide more expanded information, directories, 
explanations and resource references. 

 
2. Water Quality Volume (WQv) 

 
a. WQv is the storage needed to capture and treat the runoff from 90% of 

the recorded daily rainfall events. In numerical terms, it is equivalent to 
1.14 inches of rainfall multiplied by the volumetric runoff coefficient (Rv) 
and site area. The WQv is directly related to the amount of impervious 
cover created at a site. A minimum WQv of 0.2 inches per acre shall be 
met at all sites where WQv is required. The following equations are used 
to determine WQv: 

 
WQv = [(P/12)(Rv)(A*43,560)]    

 
Where: 
WQv = water quality volume (in ft3) 
P = 1.14 inches of rainfall  
Rv = 0.05 + 0.009 (I)  
I = percent impervious cover (in percent.  
Eg 100% = 100, 75%=75,é). See table below for minimum impervious 
percentages. 
A =area in acres 

 
b. Percent Impervious Cover (I) can be calculated by breaking drainage 

areas into component areas, with the appropriate percent impervious 
applied to each component, i.e.; a proposed development may show 
100% impervious for paved areas and 5% impervious for grassed areas 
and producing a weighted average.  
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If a weighted average is not calculated, the minimum I to be used is as 
follows: 

 

For manufacturing and industrial areas  100% 

 

For business and commercial areas  100% 

 

For residential areas, including all areas for roofs of dwellings and 
garages; for driveways, streets, and paved areas; for public and 
private sidewalks; with adequate allowance in area for expected or 
contingent increases in imperviousness: 

In apartment, condominium and multiple dwelling 
areas:  

 
75% 

In single family areas: 

1/4 Acre or less  50% 

1/4 Acre to 1/2 Acre          40% 

1/2 Acre to One Acre           35% 

One Acre or larger Calculate 
Impervious 
Percentage 

Playgrounds (non-paved)      20-35% 

 

For small, non-perpetual charter cemeteries          30% 

 

For parks and large perpetual charter cemeteries 5% 

 
c. As a basis for determining water quality treatment volume the following 

assumptions may be made: 
 

1) The water quality volume WQv for offsite areas is not required if the 
offsite flows bypass the water quality facilities.   If offsite runoff flows 
into a water quality facility, the WQv calculation must include the 
offsite area. Offsite areas are defined as those areas that are not a 
part of the proposed development but produce runoff that flows to 
the proposed development. 
 

2) Measuring Impervious Cover: The measured area of a site plan that 
does not have vegetative or permeable cover shall be considered 
total impervious cover. 

 
3) Multiple Drainage Areas: When a project contains or is divided by 

multiple drainage areas, the entire WQv shall be addressed for each 
drainage area within that drainage area (i.e. you cannot increase the 
WQv in one BMP to compensate for no or reduced WQv in another). 
The City may waive this requirement for extreme situations in 
remote lots.  However, the sum of these waived areas may not 
exceed 5% of the total disturbed area (not including common 
ground or conservation easements) of the proposed development. 
 

4) BMP Treatment: The final WQv shall be treated by an acceptable 
BMP(s) from the list presented in Section 6.05.06. 
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5) Extended Detention (ED) for Water Quality Volume: The water 

quality requirements can be met by providing 24-hour extended 
detention of up to half of the water quality volume (WQv) in 
conjunction with a stormwater pond or wetland system. If the same 
pond or wetland is used for the Cpv, the ED portion of the WQv may 
be included when routing the Cpv. 
 

6) All water quality facilities shall include a separate landscaping plan 
prepared by an experienced professional with a degree or 
certification that qualifies them to develop the planting palettes and 
plans. 

 
7) Water quality portions of a BMP may not serve as a sediment 

control device during the site construction phase.  In addition, the 
erosion and sediment control plan for the site must clearly indicate 
how sediment will be prevented from entering the BMP. 

 
3. Channel Protection Storage Volume Requirements (Cpv) 

 
a. To protect channels from erosion, a 24-hour extended detention of the 

1-year, 24-hour storm event shall be provided. The rationale for this 
criterion is that runoff will be stored and released in such a gradual 
manner that critical erosive velocity during bankfull and near-bankfull 
events will seldom be exceeded in downstream channels. A detention 
pond or underground vault is normally needed to meet the Cpv 
requirement (and subsequent flood protection criteria Qp2 and Qp25). 
 

b. As a Basis for determining Channel Protection Storage Volume the 
following assumptions may be made: 

 
1) NRCS Unit Hydrograph method shall be used for determining peak 

discharge rates. 
 

2) The rainfall depth for the one-year, 24-hour storm event is 2.50 
inches. Use Type II rainfall distribution. 
 

3) The length of overland sheet flow used in time of concentration (tc) 
calculations is limited to no more than 100 feet for post project 
conditions. 
 

4) The 24-hour extended detention is defined as providing a 24-hour 
detention lag time (T) for the one-year storm. The lag time is defined 
as the interval between the center of mass of the inflow hydrograph 
and the center of mass of the outflow hydrograph.  The lag time and 
Cpv orifice diameter shall be determined by use of pond routing 
software as indicated in Section 6.05.03.4.b.6.  The method for 
computing Cpv as outlined in Maryland Stormwater Design Manual, 
Appendix D.11 will not be accepted. 
 

5) Cpv is not required at sites where the one-year post development 
peak discharge is less than or equal to 2.0 cfs for the entire site.  
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6) A Cpv orifice diameter of less than 1 İò is not allowed.  Cpv orifice 
diameters greater than 3ò require an acceptable external hood that 
extends above/below it such as screens, baffles, or as approved by 
the City Engineer.  A Cpv orifice diameter between 1 İò and 3ò will 
require internal orifice protection as approved by the City Engineer. 
An internal orifice protection may include an over-perforated vertical 
stand pipe with ½ inch orifices or slots that are protected by wire 
cloth and a stone filtering jacket.  A schematic design of an 
acceptable internal orifice protection is provided in Detail No. 3 of 
Appendix D-8 of the Maryland Stormwater Design Manual.)   
 
The preferred method is a submerged reverse-slope pipe that 
extends downward from the riser to an inflow point one foot below 
the normal pool elevation.  
 
Alternative methods are to employ a broad crested rectangular, V-
notch, or proportional weir, protected by a half-round pipe or similar 
device that extends at least 12 inches below the normal pool.  (See 
Detail No. 7 of Appendix D-8 of the Maryland Stormwater Design 
Manual.)  No steel, galvanized steel, or corrugated metal pipe will 
be allowed. 
 
The use of horizontal perforated pipe protected by geotextile and 
gravel is not recommended.  
 
Vertical pipes may be used as an alternative if a permanent pool is 
present. 
 

7) Multiple Drainage Areas: When a project contains or is divided by 
multiple drainage areas, the entire Cpv shall be addressed for each 
drainage area within that drainage area. You cannot increase the 
Cpv in one facility to compensate for no or reduced Cpv in another, 
except in the following areas:  

1. Where the WQv is treated by widening the riparian buffer as 
described in Section 6.05.06 

2. Where a Sheet Flow to Buffer non-structural BMP credit for 
WQv is used as described in Section 6.05.07 

3. Where the WQv requirement has been waived under Section 
6.05.03, sub-section 2.c.3. 

 
8) Extended detention storage provided for the Cpv does not fully meet 

the WQv requirement (that is Cpv and WQv should be treated 
separately). 
 

9) The stormwater storage needed for Cpv may be provided above the 
WQv storage in stormwater ponds and wetlands; thereby meeting all 
storage criteria in a single facility with appropriate hydraulic control 
structures for each storage requirement. 
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10) Infiltration is not recommended for Cpv control because of large 
storage requirements. If proven effective, appropriate and desirable 
however, in some rare situations it may be permissible. 

 
4. Flood Protection Volume Requirement (Qp2 & Qp25) 

 
a. To protect downstream areas from flooding stormwater shall be 

detained on site or offsite as approved and released at a rate not to 
exceed the existing peak flow for the 2-year and 25-year 24-hour 
events, or the allowable release rates for applicable watersheds as 
determined by the City. 

 
Note that stormwater pipes, downstream from the control structure, 
shall be sized to carry the runoff from the 15-year 20-minute design 
storm for the total tributary upstream watershed. No reduction in outfall 
pipe size shall be permitted because of detention. 

 
b. As a Basis for Determining the Flood Protection Volume the following 

assumptions may be made: 
 

1) The 2-year and 25-year, 24-hour inflow hydrographs shall be 
determined by using NRCS Unit Hydrograph method as described 
in Section 6.01.07, sub-section 2.  

 
2) The volume of detention may be provided through permanent 

detention facilities such as dry basins or ponds, permanent ponds or 
lakes, underground storage facilities or in parking lots. The engineer 
shall make every effort to locate the detention facility at or near the 
lowest point of the project such that all of the onsite runoff will be 
directed into the detention facility. Multiple use of detention basins is 
encouraged. Multiple use may include parking lots, ball fields, tennis 
courts, play grounds and picnic areas.  

 
3) Flows from offsite, upstream areas should be bypassed around the 

detention facility to ensure that the proposed detention facility will 
function as designed and will provide effective control of 
downstream flows with development in place. If offsite flows are 
directed into a detention facility, the allowable release rates shall not 
be modified. The bypass system shall be designed for the 100-year, 
24-hour storm using future developed conditions. 

 
4) Detention basin volume will be based on routing the post-developed 

2-year and 25-year, 24-hour inflow hydrographs through the 
detention facility while satisfying the appropriate allowable release 
rate. The routing computations shall be based on an application of 
the continuity principle, (i.e., level pool routing).  

 
5) Multiple Drainage Areas: When a project contains or is divided by 

multiple drainage areas, the Qp2 & Qp25 may be addressed for the 
entire site in one basin for the entire site, as long as all areas are 
tributary to the same stream.  This does not alleviate the need to 
provide WQv  (BMPs) and/or  Cpv for each separate discharge point.  
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6) Pond routing shall be modeled using a nationally recognized 

computer program using industry standard methodologies, 
including, but not limited to: 

1. Pondpack by Haested 
2. Hydraflow Hydrographs by Autodesk 
3. HEC-HMS by the U.S. Corps of Engineers 
4. Others as approved by the City 

 
D. Limits of Maximum Ponding 

 
1. The maximum ponding elevation shall be calculated based on a routing of 

the 100-year, 24-hour event assuming all outlet weirs and orifices are 
blocked, except for the highest overflow structure.  The routing shall begin 
assuming water is ponded to the overflow structureôs sill. 

 
2. The limits of maximum ponding in dry basins or ponds and permanent lakes 

or ponds shall not be closer than thirty (30) feet horizontally to any building, 
and not less than two (2) feet vertically below the lowest sill elevation of any 
building. 

 
3. The limits of maximum ponding in parking lots shall not be closer than ten 

(10) feet horizontally from any building and not less than (1) foot vertically 
below the lowest sill elevation of any building 

 
4. A minimum of one (1) foot of freeboard shall be provided from the top of the 

basin to the maximum ponding elevation. 
 

E. General Stormwater Basin Design Requirements 
 

1. Underground Basins Special Requirements: 
 

a. Adequate access for basin maintenance and inspection shall be 
provided. A means of visual inspection from the ground surface of the 
low flow device, overflow weir, and outlet structure is necessary. Access 
shall also be provided to allow for cleaning of the low flow device from 
the ground surface. 

 
b. The basin should have sufficient volume and spillway capacity to 

pass/contain the 100-year 24-hour event with the low flow outlet 
blocked. The routing shall begin assuming water is ponded to the 
overflow structureôs sill. In some situations it may be desirable to have 
control structures with at least 2 outlet openings, one above the other. 

 
c. Underground basins shall be acceptable for non-residential projects 

only. Upon City approval, underground basins may be allowed on 
condominium or apartment projects if maintenance is provided by a 
management company. 

 
d. Provide immediate manhole access from ground surface for both sides 

of the low flow device. Also provide a manhole at upstream end of 
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underground basins, for access, inspection, to facilitate maintenance, 
and air release. 

 
e. Adequate flowline spot elevations, sections and profiles including pipe 

length and slope shall be labeled to define basin and pipe geometry. 
 

2. For detention ponds that do not contain water quality features, all ends of 
pipes discharging into a dry basin shall be connected with the low flow pipe 
or control structure, by means of a permeable swale. The swale shall have 
a minimum 4:1 lateral (25%) slope to the center, a minimum 1.0% 
longitudinal slope to ensure positive drainage and a maximum 2.0% 
longitudinal slope. Swales shall be a minimum of six (6) inches deep and 
four (4) feet wide or shall match the capacity of the low flow outlet works, 
whichever results in the greater capacity. The bottom of the basin shall be 
sloped a minimum of two percent (2%) towards the edge of the swale. 

 
No concrete swales will be allowed unless approved by the City.  
 
Permanent erosion control protection must be provided at the ends of 
discharging pipes into the pond to protect against the 15 year ï 20 minute 
storm event. 

 
3. See Section 6.02.03, sub-section 12 for erosion protection criteria for 

outflow pipes. 
 
4. Railroad tie walls cannot be used. 

 
5. Permanent detention ponds or lakes are to be designed to minimize 

fluctuating lake levels. Maximum fluctuation from the permanent pool 
elevation to the maximum ponding elevation shall be six (6) feet. 

 
6. The maximum side slopes for dry basins or ponds, and the fluctuating area 

of permanent ponds or lakes shall be 3:1 (three feet horizontal, one foot 
vertical) without fencing. 

 
7. Dry basins or ponds and the fluctuating areas of permanent ponds or lakes 

are to be appropriately vegetated to the maximum high water elevation. 
Areas above that elevation shall be appropriately stabilized and vegetated. 
Sod and mowing above that elevation may be approved and is required for 
dam embankment slopes and downstream toe areas for wet basins where 
riprap is not appropriate. All vegetation shall be approved by the City. 

 
8. Control structures and overflow structures are to be reinforced concrete, 

including precast. 
 

9. Accepted materials for use in baffles, grates, screens, hoods and pipe, 
which is normally submerged or is located in a normally wet environment 
shall be composed of aluminum, stainless steel, concrete, or other like 
material that is not subject to corrosion.  Galvanized or coated steel is not 
acceptable.  HDPE is not allowed for inlet or outlet piping in detention 
basins. 
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10. The outflow pipe shall be sized for the developed flow rate. 
 
11. In basins with concrete walls or riprap covered slopes, provisions should be 

made for mowing equipment to reach the bottom (ramps, etc.). 
 
12. Maximum Depths: 

 
a. The maximum depth of water in a dry detention basin shall not exceed 

ten (10) feet. The design of detention basin embankment must be 
sealed and certified by a Professional Engineer registered in the State 
of Missouri with demonstrated expertise in geotechnical engineering. 

 
b. Parking lots used for automobiles shall have a maximum depth of eight 

(8) inches of water. 
 

c. Parking lots used for trucks or truck trailers shall have a maximum 
ponding depth of water of twelve (12) inches. 

 
13. Detention Basin Fencing 

 
A four (4) foot (minimum height) approved fence shall be provided around 
the perimeter of any basin where the side slopes exceed 3H:1V. Fencing 
such as post and rail, or fencing which prevents easy observation of 
detention basin, such as tall privacy fencing, should not be used. 

 
14. Detention Basin Elevation 

 
a. If the detention basin discharges to a piped sewer system, no detention 

volume may be calculated below the 15-year, 20-minute hydraulic 
elevation of the receiving storm system. 

 
b. If the detention basin discharges to an open channel, or to a piped 

sewer system affected by flood levels in a nearby downstream open 
channel, then the low elevation of the detention storage shall be above 
the 100-year flood elevation in the open channel as established by the 
FEMA Flood Insurance Study. 

 
F. Acceptable Urban BMP Options 

 
1. This section sets forth six acceptable groups of BMPs that can be used to 

meet the Water Quality volume criteria (WQv). The design and selection of 
these BMPs shall generally conform to the criteria contained in the 
Maryland Stormwater Design Manual, Volumes I & II (latest revision), as 
prepared by the Center for Watershed Protection and the State of Maryland 
Department of the Environment (MDE). The Manual can be purchased 
through MDEôs website. A simple search for Maryland Stormwater Design 
Manual will provide a direct link.  Performance criteria adapted from the 
Maryland Stormwater Design Manual are provided in Section 6.07.  

 
Acceptable uses of the BMPs are summarized in Table 6-8 and Physical 
Feasibility Factors are summarized in Table 6-9. 
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a. The acceptable BMP designs are assigned into six general categories 
for stormwater quality control (WQv):  

 
BMP Group 1 Stormwater Ponds 
BMP Group 2 Stormwater Wetlands 
BMP Group 3 Infiltration Practices 
BMP Group 4 Filtering Practices 
BMP Group 5 Open Channel Practices 
BMP Group 6 Riparian Buffer Widening 

 
b. A combination of BMPs and/or credits is normally required at most 

development sites to meet all three stormwater sizing criteria. 
 
c. New structural BMP designs are continually being developed, including 

many proprietary designs.  To be considered an effective BMP for 
stand-alone treatment of WQv, current or new BMP design variants 
cannot be accepted for inclusion on the list until independent pollutant 
removal performance and monitoring data determine that they can meet 
the following:  
1) Capturing and treating the required water quality volume (WQv) 
2) Reducing the average total load of total suspended solids (TSS) by 

80%, and 
3) Having an acceptable longevity rate in the field 
 
The City only allows proprietary BMPs found on the Metropolitan St. 
Louis Sewer Districtôs Approved Products and Suppliers: Structural 
Proprietary BMPs. 

 
BMP Group 1. Stormwater Ponds 

 
a. Practices that have a combination of permanent pool, extended 

detention or shallow wetland equivalent to the entire WQvs include: 
 

P-1  Micropool extended detention pond 
P-2  Wet pond 
P-3  Wet extended detention (ED) pond 
P-4  Multiple pond system 
P-5  Pocket Ponds 
 

BMP Group 2. Stormwater Wetlands 
 

a. Practices that include significant shallow wetland areas to treat urban 
stormwater but often may also incorporate small permanent pools 
and/or extended detention storage to achieve the full WQv include 
(Modification of existing wetland areas will require a Corps 404 permit): 

 
W-1  Shallow wetland 
W-2  ED shallow wetland 
W-3  Pond/wetland system 
W-4  Pocket wetland 
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b. Wetlands may be used for Cpv and WQv, but shall not be used for 
control of the flood protection volume. 

 
c. Wetlands shall be designed by a professional with a degree or 

certification that qualifies them to design wetlands. 
 

BMP Group 3. Infiltration Practices 
 

a. Practices that capture and temporarily store the WQv before allowing it 
to infiltrate into the soil over a two day period include: 

 
I-1   infiltration trench 
I-2   infiltration basin 

 
b. Infiltration practices will be allowed on sites where it is proven that 

infiltration will work to the satisfaction of the City. This must be 
supported by a soils report.  

 
BMP Group 4. Filtering Practices 

 
a. Practices that capture and temporarily store the WQv and pass it 

through a filter bed of sand, organic matter, soil or other media are 
considered to be filtering practices. Filtered runoff may be collected and 
returned to the conveyance system. Design variants include: 

 
F-1  Surface sand filter 
F-2  Underground sand filter* 
F-3  Perimeter sand filter 
F-4  Organic filter 
F-5  Pocket sand filter 
F-6  Bioretention** 
*not allowed on residential projects 
**may also be used for infiltration 

 
b. A maintenance agreement and maintenance schedule shall be 

required. 
 
BMP Group 5. Open Channel Practices 

 
a. Vegetated open channels that are explicitly designed to capture and 

treat the full WQv within the dry or wet cells formed by checkdams or 
other means include: 

 
O-1  Dry swale 
O-2  Wet swale 

 
b. Open channel practices shall be designed with the proper plantings. 

They are not allowed on single-family residential projects with the 
exception that dry swales will be allowed on common ground. Upon City 
approval, open channel practices may be allowed on condominium or 
apartment projects if maintenance is provided by a management 
company. 
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c. An open channel practices BMP is different than engineered channels 
used for stormwater conveyance.   

 
BMP Group 6. Riparian Buffer Widening  

 
This BMP shall be used only with the approval of the City and shall 
generally meet the following: 

 
a. Riparian buffer widening is applicable for residential developments only. 

 
b. Riparian buffer widening shall not be used for roadway drainage. 

 
c. Riparian buffer widening may be approved if the development meets 

ALL of the following criteria: 
 

1) The development is contiguous to an existing riparian buffer. 
 

2) Topography is such that stormwater runoff cannot gravity flow to a 
BMP. 

 
3) Stormwater runoff from the area sheet flows directly into the existing 

riparian buffer and does not cross an impervious area. 
 

4) Stormwater runoff from the area does not cross from one property 
onto another before entering the riparian buffer. 

 
d. If approved, the WQv can be met by: 

 
1) Widening the existing riparian buffer by a minimum of 25 feet per 

effected side as measured from the edge of the existing buffer away 
from the channel. 

 
2) The widened riparian buffer shall meet all the requirements of the 

existing riparian buffer. 
 

3) The new buffer width shall be platted as a riparian buffer 
conservation easement granted to the City and shall be in common 
ground. 

 
4) If approved, the channel protection (Cpv) and the flood protection 

volumes (Qp2 and Qp25) shall be accommodated elsewhere in the 
development. 

 
2. Additional resources for BMP design 

 
In addition to the Maryland Stormwater Design Manual, the following 
resources may be useful to the design engineer: 

 
a. Georgia Stormwater Management Manual, Volume 2 Technical 

Handbook, Chapter 3 and Appendixes D and E (latest revision) 
http://www.georgiastormwater.com  

 

http://www.georgiastormwater.com/
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b. Stormwater Best Management Practices in an Ultra-Urban Setting: 
Selection and Monitoring, Federal Highway Administration Publication 
No. FHWA-EP-00-002, http://www.fhwa.dot.gov/environment/ultraurb  

 
G. Non-structural BMP Credits  

 
Non-structural BMPs are increasingly recognized as a critical feature of stormwater 
BMP plans, particularly with respect to site design. In most cases, non-structural 
BMPs will be combined with structural BMPs to meet all stormwater volume 
requirements. The key benefit of non-structural BMPs is that they can reduce the 
generation of stormwater from the development, thereby reducing the size and cost 
of structural BMPs. In addition, they can provide partial removal of many pollutants. 
The non-structural BMPs have been classified into seven broad categories. To 
promote greater use of non-structural BMPs, a series of credits and incentives are 
provided for developments that use these progressive site planning techniques. 
For a complete description of the credits and how to determine if a credit is 
applicable, see Section 6.08, which has been adapted from Chapter 5 of the 
Maryland Stormwater Design Manual, Volume I, most current edition.  

 
1. Natural area conservation 
2. Disconnection of rooftop runoff (only available for R-1A, commercial and 

industrial zones) 
3. Disconnection of non-rooftop impervious area 
4. Sheet flow to buffer 
5. Open channel use  
6. Environmentally sensitive development 
7. Impervious cover reduction ï This is not a credit, per se, but is a means of 

reducing the WQv. 
 

H. Easements Required  
 

The detention basin and BMPs in non-residential developments shall be located in 
easements per Section 8.  Detention basin and BMPs in residential developments 
shall be located in easements on common ground, except for BMPs treating 
stormwater from an individual lot in a development satisfying Credit 6: 
Environmentally Sensitive Development Credit, which may be located in an 
easement in that individual lot. Variances to allow BMP placement in easements on 
private property will be considered. Justification must be provided for 
consideration. 
 

I. Maintenance Agreement  
 

Prior to plan approval the property owner(s) of the detention basin and BMP site(s) 
shall execute a City Maintenance Agreement for the BMPs and the detention basin 
or pond to insure the BMPs and the detention area will be kept in working order, to 
the satisfaction of the City. The City will not be responsible for maintenance of 
detention basins or BMPs.  

 
The Maintenance Agreement shall include the Detention and BMP Operation and 
Maintenance Plan by reference (see Section 6.06.02 for more information 
regarding the Detention and BMP Operation and Maintenance Plan).  

 

http://www.fhwa.dot.gov/environment/ultraurb
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J. As-Built Certification for Detention/BMP Facilities 
 

An as-built survey is required for all detention/BMP facilities.  The design engineer 
shall submit the Professional Engineerôs Construction/As-Built Certification for 
Detention/BMP Facilities as required in Section 11. 

 

Grading tolerances should be kept at °0.1 foot.  In the event that the tolerance 
requirement is not met, the design engineer shall prepare and submit a revised 
Detention and BMP Design Report to demonstrate that the system still meets the 
performance requirements of these criteria. 
 

K. Dam Permit Requirements 
 

Dams with a height of thirty-five (35) feet, from the upstream toe to the top of dam, 
or greater will require approval from the Missouri Department of Natural 
Resources. 

 
II. Stormwater Design Submittal Requirements 
 

A. Construction Plans  
 

Stormwater structures and features shall be shown in the project construction 
plans to the extent necessary to fully describe the design intent and adherence to 
these criteria. At a minimum, the construction plans shall include all information 
required in Chapter 1. General Instructions. 

 
B. Stormwater Design Report 

 
1. The engineer shall submit two copies of the Stormwater Design Report. 
 
2. The Stormwater Design Report shall be signed, dated and sealed by the 

Missouri Professional Engineer who is responsible for its preparation. If the 
report is prepared by another person, a note on the cover shall state the 
preparerôs name and that he or she is under the direct supervision of the 
Missouri Professional Engineer whoôs seal is shown. 

 
3. The Stormwater Design Report shall be bound with each section separated 

by a labeled tab.  
 
4. The Stormwater Design Report shall at a minimum contain the following:  

 
a. Table of Contents 

 
b. Soils data for the site used to determine curve numbers and infiltration 

rates (if applicable). 

 
c. City of Saint Charles Stormwater Design Summary (Form 6-2) 

 
d. A City of Saint Charles Discharge Summary (Form 6-3) shall be 

completed for every discharge location leaving the site. 
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e. Detention, channel protection and water quality BMP design 
calculations, including but not limited to: 

 
1) A City of Saint Charles Detention and BMP Summary (Form 6-4) 

shall be completed for the entire site. 
 

2) A City of Saint Charles Water Quality (BMP) Design Summary 
(Form 6-5) shall be completed for each BMP facility. 

 
3) A City of Saint Charles Detention/Retention Pond Design Summary 

(Form 6-6) shall be completed for each detention facility. 
 

4) Storm routing calculations for all storm frequencies including time, 
inflow, outflow and elevation. 

 
5) Calculations to demonstrate 24-hour draw down for Cpv and ED 

portion of WQv (if applicable). 
 

6) Elevation vs Discharge tables or curves for each basin for 1-yr, 2-yr 
and 25-yr, 24-hour design storms. 

 
7) Elevation vs Storage tables or curves for each basin for 1-yr, 2-yr 

and 25-yr, 24-hour design storms. 
 

8) Hydraulic grade line computations for pipes entering and leaving the 
basin(s) for 1-yr, 2-yr and 25-yr, 24-hour design storms and the 15-
yr, 20-minute design storm. 

 
9) If the embankment contains fill material a geotechnical report may 

be required. 
 

10) Existing Drainage Area Map plotted to a readable scale 
 

i. City of Saint Charles Engineering Project Number in the lower 
right corner 

ii. Existing contours (2ô intervals for residential projects, 1ô intervals 
for commercial projects) 

iii. Existing drainage areas 
iv. For each drainage area, label: Area, CN, Flow Path, Tc and Q1, 

Q2 and Q25 
v. North arrow. 
vi. Graphic scale 

 
11) Detention Basin and BMP Drainage Area Map plotted to a readable 

scale 
 

i. City of Saint Charles Engineering Project Number in the lower 
right corner. 

ii. Proposed contours (2ô intervals for residential projects, 1ô 
intervals for commercial projects) 

iii. Drainage areas to each detention basin and BMP 



City of Saint Charles, Missouri 
Engineering Design Criteria for Storm Water Detention and Storm Water Quality 

17       

 

iv. For each drainage area, label: Area, CN, Flow Path, Tc and Q1, 
Q2, Q25 and WQv 

v. Calculated routed flow from each drainage basin and BMP 
outlet. 

vi. North arrow. 
vii. Graphic scale. 

 
12) Structural calculations for the outlet control structures (if required). 

 
13) Cross sections defining the size, shape and depth of the detention 

basin(s) and other BMP features. At a minimum, three sections, one 
at each end and one in the middle of the basin will be required. 

 
14) Detention and BMP Operation and Maintenance Plan 

 
A Detention and BMP Operation and Maintenance Plan shall be 
submitted for approval. Detention and BMP Operation and 
Maintenance Plans shall include: 

 
i. The person(s) or organization(s) responsible for maintenance 

(subdivision trustees, property owner, etc,) 
ii. Drawing and description of the Detention or BMP facility(s) 

including all components integral to the operation of the facility. 
iii. Routine seasonal and annual inspection procedures (such as 

plantings, replacing mulch) 
iv. Routine seasonal and annual maintenance procedures  
v. Non-routine maintenance procedures (less frequent and 

generally more expensive such as pond dredging or major 
repairs to structures) 

vi. Repair procedures 
vii. Inspection and maintenance logs and record keeping 

procedures to track and record compliance with the Operation 
and Maintenance Plan.  These records shall be available upon 
request of the City. 

  
In addition to the Maryland Stormwater Design Manual, the following 
resources may be useful in developing the Operation and 
Maintenance Plan: 

 
i. Georgia Stormwater Management Manual, Volume 2 Technical 

Handbook, Chapter 3 and Appendix E (latest revision) 
http://www.georgiastormwater.com 

ii. Stormwater Managerôs Resource Center webpage 
http://www.stormwatercenter.net/.  Go to Program Resources => 
STP Maintenance 

iii. Contra Costa Clean Water Program: Stormwater Quality 
Requirements for Development Applications, Stormwater C.3 
Guidebook, 3rd Edition, October, 2006 
http://www.ci.concord.ca.us/pw/stormwater/stormwaterC3guideb
ook3rd.pdf. Appendix F contains a step-by-step guide to 
preparing an Operation and Maintenance Plan 

 

http://www.georgiastormwater.com/
http://www.stormwatercenter.net/
http://www.ci.concord.ca.us/pw/stormwater/stormwaterC3guidebook3rd.pdf
http://www.ci.concord.ca.us/pw/stormwater/stormwaterC3guidebook3rd.pdf
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f. Enclosed system design calculations, including but not limited to: 
 

1) Calculation of the 15-yr, 20-min design flow to every inlet 
 

2) Calculation of the 15-yr, 20-min flow in every pipe reach 
 

3) Hydraulic grade line calculations for the 15-yr, 20-min design storm 
in all pipes including head loss 

 
4) Calculations for all pipe outfalls including outlet velocity 

 
5) Overland flow path calculations including the 100-yr, 24-hr flow 

quantity and high-water elevation at critical sections 
 

6) Enclosed system drainage area map 
 

i. City of Saint Charles Engineering Project Number in the lower 
right corner. 

ii. Proposed contours (2ô intervals for residential projects, 1ô 
intervals for commercial projects) 

iii. For each inlet label tributary area, PI factor and flow. 
iv. For each pipe reach, label accumulative flow.  
v. 100 year 24 hour overland flow path, showing width and depth of 

flow. 
vi. North arrow. 
vii. Graphic scale. 

 
g. Engineered channel design calculations, including but not limited to: 

 
1) Calculation of 15-yr, 20-min and 100-yr, 24-hr design storms to all 

open channels  
 

2) Hydraulic calculations for engineered channels including depth, 
velocity and boundary shear for the 15-yr, 20-min design storm and 
the depth for the 100-yr, 24-hr design storm at critical locations.  
Include backwater calculations as applicable. 

 
3) Engineered channel lining calculations including sizing of rock and 

permissible shear stress of lining materials as applicable 
 

4) Energy dissipation calculations for all engineered channel outfalls 
including outlet velocity and rock sizing for the 100-yr, 24-hr flow in 
the receiving channel. 

 
h. Culvert design calculations, including but not limited to: 

 
1) Calculation of the 15-yr, 20-min design storm flow to roadside swale 

culverts, 100-yr, 24-hr storm flow to other culverts 
 

2) Calculation of the 1-yr, 24-hr storm flow at the culvert location for 
culverts in natural channels 
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3) Calculation of the depth of the 1-yr, 24-hr flow in the natural channel 
and in the culvert low flow barrel. 

 
4) Hydraulic calculations for culverts including inlet and outlet control, 

headwater and tailwater depth and outlet velocity for the 1-yr, 24-
hour, 15-yr, 20-min and/or 100-yr, 24-hr design storms as applicable 

 
5) Energy dissipation calculations for all culvert outfalls including outlet 

velocity and rock sizing for the design storm of 15-year, 20-minutes 
for driveway culverts or 100-year, 24-hours for all other culverts 

 
i. Bridge design calculations, including but not limited to: 

 
1) Calculation of the 1-yr, 24-hr and 100-yr, 24-hr design storm flows 

 
2) Existing condition HEC-RAS input and output including: 

 
i. Plan view with cross section locations 
ii. Cross sections showing HGL and EGL for all storm events 
iii. Profile view with HGL and EGL for all storm events 
iv. Output table including flow, velocity, channel shear and HGL 

and EGL elevation for all storm events 
 

3) Proposed condition HEC-RAS input and output including: 
 

i. Plan view with cross section locations 
ii. Cross sections showing HGL and EGL for all storm events 
iii. Profile view with HGL and EGL for all storm events 
iv. Output table including flow, velocity, channel shear and HGL 

and EGL elevation for all storm events 
 

j. Natural channel crossing design calculations, including but not limited 
to: 

 
1) Channel Condition Scoring Matrix (Form 6-1) 

 
2) Bank-full and critical shear stress calculations, including: 

 
i. Bank-full discharge for the 1-yr, 24-hr storm event 
ii. Bank-full width and depth calculations 
iii. Critical shear stress ratio calculations 

 
3) Natural Channel Plan, Profile and Section Exhibits  

 
4) Calculations for the existing and proposed HGL and EGL a sufficient 

distance upstream and downstream to show where existing and 
proposed converge for the 1-yr, 24-hour and 15-yr, 20-min design 
storms 

 
5) Grade control rock sizing for the 100-yr, 24-hr storm flow 
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III. Performance Criteria for Urban BMP Design, from the Maryland Stormwater Design Manual, 
Chapter 3.0 

 
Note: The text from this section has been adapted from the Maryland 
Stormwater Design Manual, Volumes I & II (2000) (1).  Adaptations have been 
made for local natural conditions and criteria.  Additional adaptations may be 
necessary but shall be as approved by the City.  
 

(1) Schueler, T. and Claytor, R. 2000. 2000 Maryland Stormwater Design Manual 
Volumes 1&2. Prepared for the Maryland Department of the Environment Water 
Management Administration. Center for Watershed Protection. Ellicott City, MD. 

 
Performance Criteria for Urban BMP Design  
 
This section outlines performance criteria for five groups of structural water quality stormwater 
BMPs that include ponds, wetlands, infiltration practices, filtering systems and open channels. 
 
Each set of BMP performance criteria, in turn, is based on six factors: 
 
ü General Feasibility  
ü Conveyance 
ü Pretreatment 
ü Treatment/Geometry 
ü Environmental/Landscaping 
ü Maintenance 
 
IMPORTANT NOTE:  The criteria represent a set of conditions that ensure an effective and 
durable BMP.  In this section, mandatory performance criteria are distinguished from 
suggested design criteria (the former is required at all sites, while the latter are only 
recommended for most sites and conditions). Thus, in the text, mandatory performance 
criteria are indicated by italics, whereas suggested design criteria are shown in normal 
typeface. 
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A. Stormwater Ponds  

 
 
1. Pond Feasibility Criteria 
 

Stormwater ponds shall have a minimum contributing drainage area of ten acres or more (25 
or more are preferred), unless groundwater is confirmed as the primary water source (e.g., 
pocket pond) or a water balance is performed to demonstrate that a stormwater pond can 
withstand a thirty day drought at summer evaporation rates without completely drawing down.  
See Section 6.07.02 for a shortcut assessment method for determining the adequacy of water 
balance.   
 
The drainage area must be free of sources of pollution or contamination. 
 
Stormwater ponds cannot be located within jurisdictional waters, including wetlands, without 
obtaining a Section 404 permit under the Clean Water Act and a 401 Water Quality 
Certification from the Missouri Department of Natural Resources. 
 
Stormwater ponds shall conform to the following minimum design and construction criteria: 
 

1) design for a stable outfall using the 100 year design storm (or two year design storm if 
the pond is an off-line structure that only provides WQv storage). 

2) dams shall meet all appropriate local and state dam safety regulations, 
3) principal spillway/riser shall provide anti-floatation, anti-vortex, and trash-rack designs. 
4) one (1) foot of freeboard shall be provided above the maximum high water elevation. 
5) woody vegetation is prohibited in the immediate embankment area. 

 
A pond structure requires review and approval by the Missouri Department of Natural 
Resources if the proposed embankment is greater than thirty-five feet in height from the 
upstream toe to the top of dam. 

Definition: Practices that have a permanent pool, or a combination of a permanent pool, 
extended detention or shallow wetland with a permanent pool equivalent to the entire WQv. 
Design variants include: 
 
ü P-1 micropool extended detention pond   (Figure 6.07.01) 
ü P-2 wet pond     (Figure 6.07.02) 
ü P-3 wet extended detention pond   (Figure 6.07.03) 
ü P-4 multiple pond system    (Figure 6.07.04) 
ü P-5 "pocket" pond      (Figure 6.07.05) 
 
The term "pocket" refers to a pond or wetland that has such a small contributing drainage area 
that little or no baseflow is available to sustain water elevations during dry weather. Instead, 
water elevations are heavily influenced and, in some cases, maintained by a locally high water 
table. 
 
Dry extended detention ponds that have no permanent pool are not considered an acceptable 
option for meeting WQv.  
 
Stormwater ponds may also provide storage for the Cpv, Qp2 and/or Qp25 above the WQv 
storage elevation. 



City of Saint Charles, Missouri 
Engineering Design Criteria for Storm Water Detention and Storm Water Quality 

22       

 

 
2. Pond Conveyance Criteria 
 

When reinforced concrete pipe is used for the principal spillway to increase its longevity, ñO-
ringò gaskets (ASTM C361) should be used to create watertight joints and should be inspected 
during installation. 
 
Inlet Protection 
 
Inlet pipes to the pond should not be fully submerged at normal pool. 
 
A forebay shall be provided at each inlet, unless the inlet provides less than 10% of the total 
design storm inflow to the pond. 
 
Adequate Outfall Protection 
 
See Section 6.02.03, sub-section 12 for erosion protection criteria for outflow pipes  
 
Pond Liners 
 
When a pond is located in karst topography, gravelly sands or fractured bedrock, a liner may 
be needed to sustain a permanent pool of water.  If geotechnical tests confirm the need for a 
liner, acceptable options include: (a) 6 to 12 inches of clay soil (minimum 15% passing the 
#200 sieve and a minimum permeability of 1 x 10-5 cm/sec), (b) a 30 ml poly-liner, (c) 
bentonite, or (d) other suitable materials approved by the appropriate review authority. 

 
3. Pond Pretreatment Criteria 
 

Forebay 
 
Each pond shall have a forebay or equivalent upstream pretreatment to trap sediment and 
trash at all basin inlets. The forebay shall consist of a separate cell, formed by an acceptable 
barrier.  
 
The forebay shall be sized to contain 0.1 inches per impervious acre of contributing drainage.  
The forebay storage volume counts toward the total WQv requirement. Exit velocities from the 
forebay shall be non-erosive.  If elevated above the normal pool, the forebay shall be 
designed to drain the storage volume within 48 hours. 
 
Direct maintenance access for appropriate equipment shall be provided to the forebay. 
 
The bottom of the forebay may be hardened (e.g., using concrete, paver blocks, etc.) to make 
sediment removal easier.  
 
A fixed vertical sediment depth marker should be installed in the forebay to measure sediment 
deposition over time. 
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4. Pond Treatment Criteria 
 

Minimum Water Quality Volume (WQv) 
 
Ponds shall be designed to capture the computed WQv through any combination of permanent 
pool, extended detention (ED) or wetland.  
 
It is generally desirable to provide water quality treatment off-line when topography, head and 
space permit (e.g., apart from stormwater quantity storage). 
 
Water quality storage can be provided in multiple cells.  Performance is enhanced when 
multiple treatment pathways are provided by using multiple cells, longer flow paths, high 
surface area to volume ratios, complex micro topography, and/or redundant treatment 
methods (combinations of pool, ED, and wetland). 
 
If ED is provided in a pond, storage for Cpv and WQv shall be computed and routed separately 
(e.g., the WQv requirement cannot be met simply by providing Cpv storage for the one year 
storm). 
 
Minimum Pond Geometry 
 
Flowpaths from inflow points to outlets shall be maximized.  Flowpaths of 1.5:1 (length relative 
to width) and irregular shapes are recommended. Cattails and algae growth can become a 
nuisance in shallow water depths, typically three feet and less.  Therefore, stormwater ponds 
shall have a minimum overall depth of four feet, greater is recommended. 
 

5. Pond Landscaping Criteria 
 

Pond Benches 
 
The perimeter of all deep permanent pool areas (four feet or greater in depth) shall be 
surrounded by two benches with a combined minimum width of 10 feet:  
 
ü A safety bench that extends outward from the normal water edge to the toe of the pond 

side slope. The maximum slope of the safety bench shall be 6%.   
ü An aquatic bench that extends inward from the normal shoreline and has a maximum 

depth of eighteen (18) inches below the normal pool water surface elevation.  An 
aquatic bench is not required in forebays. 

 
The combined minimum width of 10-feet may be mostly safety bench, mostly aquatic bench, 
or both benches in equal widths. An irregular shape with undulating benches to achieve a 
more natural aesthetic is recommended.  See the following diagram for guidance. 
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Landscaping Plan 
 
A landscaping plan for a stormwater pond and its buffer shall be prepared to indicate how 
aquatic and terrestrial areas will be vegetatively stabilized and established.  Landscaping 
guidance for stormwater ponds is provided in MSD Landscape Guide for Stormwater Best 
Management Practice Design for species selection guide. Where pond is readily visible to the 
public, plantings shall be grouped by species to emphasis intentionality of the pond 
landscaping. 
 
Wherever possible, wetland plants should be encouraged in a pond design, either along the 
aquatic bench (fringe wetlands), the safety bench and side slopes (emergent wetlands) or 
within shallow areas of the pool itself. 
 
The best elevations for establishing wetland plants, either through transplantation or volunteer 
colonization, are within six inches (plus or minus) of the normal pool.   
 
The soils of a pond buffer are often severely compacted during the construction process to 
ensure stability.  The density of these compacted soils is so great that it effectively prevents 
root penetration, and therefore, may lead to premature mortality or loss of vigor.  
Consequently, it is advisable to excavate large and deep holes around the proposed planting 
sites, and backfill these with uncompacted topsoil.  
 
As a rule of thumb, planting holes should be at least six inches larger than the diameter of the 
rootball (of balled and burlap stock), and three inches wider for container grown stock.  This 
practice should enable the stock to develop unconfined root systems.  Avoid species that 
require full shade, are susceptible to winterkill, or are prone to wind damage.  Extra mulching 
around the base of the tree or shrub is strongly recommended as a means of conserving 
moisture and suppressing weeds.  
 
Pond Buffers and Setbacks 
 
A pond buffer should be provided that extends 25 feet outward from the maximum water 
surface elevation of the pond.  The pond buffer should be contiguous with other buffer areas 

10ô COMBINED WIDTH 
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that are required by existing regulations (e.g., stream buffers).  An additional setback may be 
provided to permanent structures.  

 
Existing trees should be preserved in the buffer area during construction.  It is desirable to 
locate forest conservation areas adjacent to ponds. To discourage resident geese 
populations, the buffer can be planted with trees, shrubs and native ground covers.  
 
Woody vegetation may not be planted on nor allowed to grow within 15 feet of the toe of the 
embankment and 25 feet of the principal spillway structure. 
 
Annual mowing of the pond buffer is only required along maintenance rights-of-way and the 
embankment.  The remaining buffer can be managed as a meadow (mowing every other year) 
or forest.  
 

6. Pond Maintenance Criteria 
 

Maintenance Measures 
 
Maintenance responsibility for a pond and its buffer shall be vested with a responsible party by 
means of a legally binding and enforceable maintenance agreement that is executed as a 
condition of plan approval. 
 
The principal spillway shall be equipped with a trash rack that provides access for 
maintenance. 
 
If a minimum 50% vegetative coverage is not achieved in the planted areas after the second 
growing season, reinforcement plantings shall be required. 
 
Sediment removal in the forebay shall occur when 50% of the total forebay capacity has been 
lost.  
 
Sediments excavated from stormwater ponds that do not receive runoff from designated 
hotspots are not considered toxic or hazardous material and can be safely disposed by either 
land application or land filling.  Sediment testing may be required prior to sediment disposal 
when a hotspot land use is present.  
 
Sediment removed from stormwater ponds should be disposed of according to current erosion 
and sediment control regulations. 
 
Maintenance Access 
 
A maintenance right of way or easement shall extend to a pond from a public or private road.  
 
Maintenance access should be at least 12 feet wide; having a maximum slope of no more 
than 15%; and be appropriately stabilized to withstand maintenance equipment and vehicles. 
 
The maintenance access should extend to the forebay, safety bench, riser, and outlet and be 
designed to allow vehicles to turn around. 
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Non-clogging Low Flow (Cpv) Orifice 
 
The low flow orifice shall be sized and protected from clogging in accordance with Section 
6.05.03.3.b.4. 
 
Outlet Structure 
 
The outlet structure shall be located within the embankment for maintenance access, safety 
and aesthetics. 
 
Access to the outlet structure is to be provided by lockable manhole covers and manhole 
steps within easy reach of valves and other controls.  Outlet structure openings should be 
fenced with pipe or rebar to prevent trash accumulation.  
 
Safety Features 
 
Internal side slopes to the pond should not exceed 3:1 (h:v) and shall terminate on a safety 
bench. Both the safety bench and the aquatic bench may be landscaped to prevent access to 
the pool. 
 
Riser openings shall not permit unauthorized access. Riser tops that are four feet or greater 
above the ground shall include railings for safety. Endwalls above pipe outfalls greater than 48 
inches in diameter shall be fenced to prevent injury. 
 
Warning signs prohibiting swimming and skating may be posted. 
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Figure 6.07.01  Example of "Micropool" Extended Detention PondP-1 P-1
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EXTENDED DETENTION POOL

A micropool is provided in an extended detention pond to prevent resuspension of previously settled

sediments and prevent clogging of the low flow orifice.
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This example does not constitute a design and is for illustrative purposes only.
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Figure 6.07.02  Example of Wet PondP-2 P-2
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A wet pond provides all of water quality volume storage in a permanent pool.
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ADEQUATE ACCESS FOR BASIN MAINTENANCE
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This example does not constitute a design and is for illustrative purposes only.
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Figure 6.07.03  Example of Wet Extended Detention PondP-3 P-3

POND BUFFER

(25' MINIMUM)

The wet extended detention pond provides water quality storage through a combination of permanent

pool and extended detention storage.

HARDENED
PAD

SAFETY BENCH

10' MIN

EXTENDED DETENTION LEVEL

ORIFICE

*HOOD TO BE PROVIDED FOR ANY ORIFICE

8 INCHES IN DIAMETER/MAXIMUM

DIMENSION AND SMALLER

NOT TO SCALE

NOT TO SCALE

ADEQUATE ACCESS FOR BASIN MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

This example does not constitute a design and is for illustrative purposes only.
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PLAN VIEW

PROFILE

INLET PIPE

CELL 1

(FOREBAY)

CELL 2

CELL 3

OUTLET PIPE

AQUATIC BENCH

OVERFLOW

SPILLWAY

OVERFLOW

SPILLWAY

OUTLET PIPE

INLET PIPE

ANTI-SEEPAGE

COLLAR
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1' MIN

CELL 1

(FOREBAY)

HOOD*

CELL 2

(WET POOL)
CELL 3
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AQUATIC
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Cpv or 2 YEAR

100 YEAR LEVEL

OUTFALL

STRUCTURE

EMBANKMENT

OVERFLOW

SPILLWAY

OVERFLOW

SPILLWAY

EMBANKMENT

Figure 6.07.04  Example of Multiple Pond SystemP-4 P-4

OUTFALL

STRUCTURE

HOOD*

Multiple pond system provides WQv storage in two or more cells that create longer pullutant removal

pathways.

25 YEAR LEVEL

10' MIN

ORIFICE

SAFETY BENCH

MAXIMUM ELEVATION

OF 100 YEAR STORM

HARDENED
PAD

POND BUFFER

(25' MINIMUM)

*HOOD TO BE PROVIDED FOR ANY ORIFICE

8 INCHES IN DIAMETER/MAXIMUM

DIMENSION AND SMALLER

NOT TO SCALE

NOT TO SCALE

ADEQUATE ACCESS FOR BASIN MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

This example does not constitute a design and is for illustrative purposes only.  
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PLAN VIEW

PROFILE

INLET PIPE

OUTFALL

FOREBAY

MICROPOOL

AQUATIC BENCHSUBMERGED

EARTH BERM

EMBANKMENT

GROUNDWATER
TABLE

FOREBAY
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100 YEAR LEVEL

1' MIN

WET POOL

STABLE

OUTFALL

WEIR WALL

OUTLET

STRUCTURE

HOOD*EMBANKMENT

INLET PIPE

Figure 6.07.05  Example of "Pocket" PondP-5 P-5

WEIR WALL

OUTLET

STRUCTURE

A high water table or groundwater interception maintains permanent pool level in a pocket pond.

However, excavation to groundwater interception should be avoided where the land uses draining to

the pond may contaminate drinking water supplies.

25 YEAR LEVEL

ORIFICE

MAXIMUM ELEVATION

OF 100 YEAR STORM

SAFETY BENCH

HARDENED
PAD

10' MIN

POND BUFFER

(25' MINIMUM)

*HOOD TO BE PROVIDED FOR ANY ORIFICE

8 INCHES IN DIAMETER/MAXIMUM

DIMENSION AND SMALLER

HOOD*

NOT TO SCALE

NOT TO SCALE

ADEQUATE ACCESS FOR BASIN MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

This example does not constitute a design and is for illustrative purposes only.
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B. Stormwater Wetlands 

 
IMPORTANT NOTE:  
 
Except for specific minimum contributing drainage area, all of the pond performance criteria 
presented in section 6.07.01 also apply to the design of stormwater wetlands.  Additional criteria that 
govern the geometry and establishment of created wetlands are presented in this section. 
 
1. Wetland Feasibility Criteria 
 

A water balance must be performed to demonstrate that a stormwater wetland can withstand 
a thirty day drought at summer evaporation rates without completely drawing down.  See 
Section 7 below for a shortcut assessment method for determining the adequacy of water 
balance. 
 
Stormwater wetlands cannot be located within jurisdictional waters, including wetlands, 
without obtaining a Section 404 permit under the Clean Water Act and a 401 Water Quality 
Certification from the Missouri Department of Natural Resources. 

 
2. Wetland Conveyance Criteria 
 

Flow paths from inflow points to outflow points within stormwater wetlands shall be 
maximized.  Flow paths of 1.5:1 (length relative to width) and irregular shapes are 
recommended. These paths may be achieved by constructing internal berms (e.g., high marsh 
wedges or rock filter cells).  Micro topography is encouraged to enhance wetland diversity. 

 
3. Wetland Pretreatment Criteria 
 

Sediment regulation is critical to sustaining stormwater wetlands. Consequently, a forebay 
shall be located at the inlet and a micropool shall be located at the outlet.  Forebays are 
designed in the same manner as ponds (see Section 6.07.01, sub-section 3).  A micropool is 
a three to six foot deep pool used to protect the low flow pipe from clogging and prevent 
sediment resuspension. 
 
 
 

 

 
Definition: Practices that create shallow wetland areas to treat urban stormwater and often 
incorporate small permanent pools and/or extended detention storage to achieve the full WQv.  
Design variants include:  
 
ü W-1 shallow wetland     (Figure 6.07.06) 
ü W-2 ED shallow wetland    (Figure 6.07.07) 
ü W-3 pond/wetland system    (Figure 6.07.08) 
ü W-4 "pocket" wetland    (Figure 6.07.09) 
 
Stormwater wetlands may also provide Cpv and Qp storage above the WQv storage. 
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4. Wetland Treatment Criteria 
 

The surface area of the entire stormwater wetland shall be at least one percent of the total 
drainage area to the facility (1.5% for the shallow marsh design). 
 
At least 25% of the total WQv shall be in deepwater zones with a minimum depth of four feet 
(the forebay and micropool may meet this criteria).  
 
A minimum of 35% of the total surface area shall have a depth of six inches or less and at 
least 65% of the total surface area shall be shallower than 18 inches. 
 
The bed of the wetland should be graded to create a maximum internal flowpath and 
microtopography. 
 
If extended detention is utilized in a stormwater wetland, the ED volume shall not comprise 
more than 50% of the total wetland design, and the maximum water surface elevation shall 
not extend more than three feet above the normal pool.  Qp and/or Cpv storage can be 
provided above the maximum WQv elevation within the wetland.  
 
To promote greater nitrogen removal, rock beds may be used as a medium for the growth of 
wetland plants. The rock should be one to three inches in diameter and placed up to the 
normal pool elevation.  Rock beds should also be open to flow-through from either direction. 

 
5. Wetland Landscaping Criteria  
 

A landscaping plan shall be provided that indicates the methods used to establish and 
maintain wetland coverage. Minimum elements of a plan include: delineation of pondscaping 
zones, selection of corresponding plant species, planting configuration, and sequence for 
preparing wetland bed (including soil amendments, if needed). 
 
Structures such as fascines, coconut rolls, or straw bales can be used to create shallow 
marsh cells in high energy areas of the stormwater wetland. 
 
The landscaping plan should provide elements that promote greater wildlife and waterfowl use 
within the wetland and buffers. 
 
A wetland buffer may extend 25 feet outward from the maximum water surface elevation with 
an additional 15 foot setback to structures. 
 
Wetland Establishment Guidance 
 
Stormwater wetlands shall be designed by a professional with a degree or certification that 
qualifies them to design wetlands.  This section is included for informational purposes only.  
 
The most common and reliable technique for establishing an emergent wetland community in 
a stormwater wetland is to transplant nursery stock obtained from local nurseries.  The 
following guidance is suggested when transplants are used to establish a wetland. 
 
Transplanting is preferred in the spring to early summer.  Planting after these dates is not 
recommended, as the wetland plants need a full growing season to build the root reserves 
needed to get through the winter.  Plants may need to be ordered at least three months in 
advance to ensure the availability of the desired species. 
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The optimal depth requirements for several common species of emergent wetland plants are 
often six inches of water or less.   
 
To add diversity to the wetland, 5 to 7 species of emergent wetland plants should be used, 
drawn from the suggested species listed in MSD Landscape Guide for Stormwater Best 
Management Practice Design.   
 
The wetland area should be sub-divided into separate planting zones of more or less constant 
depth. Approximately half the wetland surface area should be planted.  One plant species 
should be planted within each flagged planting zone, based on their approximate depth 
requirements. Plants should be installed in clumps with individual plants located an average of 
18 inches on center within each clump.  Individual plants should be spaced a no closer than 
12 inches to 24 inches on center. 
 
Post-nursery care of wetland plants is very important in the interval between delivery of the 
plants and their subsequent installation, as they are prone to desiccation.  Stock should be 
frequently watered and shaded while on-site. 
 
A wet hydroseed mix should be used to establish permanent vegetative cover in the buffer 
outside of the permanent pool.  For rapid germination, scarify the soil to ½ inch prior to 
hydroseeding. Alternatively, red fescue or annual rye can be used as a temporary cover for 
the wet species. 
 
Because most stormwater wetlands are excavated to deep sub-soils, they often lack the 
nutrients and organic matter needed to support vigorous growth of wetland plants.  At these 
sites, three to six inches of topsoil or wetland mulch should be added to all depth zones in the 
wetland from one foot below the normal pool to six inches above.  Wetland mulch is preferable 
to topsoil if it is available. 
 
The stormwater wetland should be staked at the onset of the planting season. Depths in the 
wetland should be measured to the nearest inch to confirm the original planting zones.  At this 
time, it may be necessary to modify the pond scape plan to reflect altered depths or the 
availability of wetland plant stock.  Surveyed planting zones should be marked on an ñas-builtò 
or design plan and located in the field using stakes or flags.  
 
The wetland drain should be fully opened at least three days prior to the planting date (which 
should coincide with the delivery date for the wetland plant stock). 
 
Wetland mulch is another technique to establish a plant community which utilizes the 
seedbank of wetland soils to provide the propagules for marsh development. The majority of 
the seedbank is contained within the upper six inches of the donor soils.  The mulch is best 
collected at the end of the growing season.  Best results are obtained when the mulch is 
spread 3 to 6 inches deep over the high marsh and semi-wet zones of the wetland (-6 inches 
to +6 inches relative to the normal pool).   
 
Donor soils for wetland mulch shall not be removed from natural wetlands without proper 
permits. 
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6. Wetland Maintenance Criteria 
 
If a minimum vegetative coverage of 50% is not achieved in the planted wetland zones after 
the second growing season, reinforcement plantings will be required. 

 
7. Shortcut assessment method for determining the adequacy of water balance 
 

In the design of a wetland or stormwater pond, a water balance must be performed, to insure 
that the wet pool can be maintained over a 30 day period without rainfall.  This section 
presents a simple method for calculating whether a stormwater pond or wetland has an 
appropriate water balance.  When conducting this analysis, the following should be 
considered: 
 

a) Calculate maximum drawdown during periods of high evaporation and during an 
extended period of no appreciable rainfall 

b) The change in storage within a pond (ȹV) = Inflows - Outflows 
c) Potential inflows: runoff, baseflow and rainfall 
d) Potential outflows: infiltration, surface overflow and evaporation (and 

evapotranspiration) 
e) Assume no inflow from baseflow, no losses for infiltration and because only the 

permanent pool volume is being evaluated, no losses for surface overflows 
f) Therefore, ȹV = runoff - evaporation 

 
Using the example site data and precipitation and evaporation conditions in Tables A and B 
below, a wetland drawdown assessment may be determined as follows: 

 
Table A  Example Site Data from Typical Subdivision  

 

Drainage Area 40 ac 

Impervious Area 10 ac 

Percent Imperviousness (I) or 10/40 25% 

Rainfall Depth (P) 1.14 in. 

Surface Area of Wetland/Pond 
(minimum 1.5% of drainage area to BMP) 

0.6 ac 

 
Table B  Precipitation and Evaporation Rates for Saint Charles  

(From the NWS Climate Prediction Center. This average month provides the 
greatest evaporation rate, in combination with the lowest precipitation rate for 
the year.) 

 
 

 
 
 
 
 
Sample Water Balance Analysis: 
 
Calculate Rv   = .05 + (.009)(25)  [Use percent imperviousness as a whole number) 
  = .05 + .225 
  = .28 
 

 Average 
Per Month 

(ft.) 

Precipitation (Px) 0.16 

Evaporation  0.26 
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Calculate WQv   = [(P/12)(Rv)(Acres)]  
   = (1.14/12)(.28)(40) 

     = 1.064 acre-feet 
 
Calculate surface area of wetland/pond = 40 ac. total site X 1.5% minimum area = 0.6 acres. 

  
Calculate maximum drawdown during periods of high evaporation: 
 

¶ Runoff Volume = Px(Rv)   (Where Px = Precipitation, Rv = Runoff Coefficient) 

¶ Px = 0.16 

¶ Rv = 28% 

¶ Inflow = Px x Rv = 0.16ô x 28% = .0448ô 
  Over entire site: 0.16 x 28% x 40 acres = 1.79 ac-ft 

¶ Outflow = surface area x evaporation losses 
     = 0.6 ac x 0.26ô = 0.156 ac-ft 

¶ Inflow (1.79 ac-ft) is greater than Outflow (0.156 ac-ft) therefore, drainage area is 
adequate to support wet pond/wetland during normal conditions. 

 
Check for drawdown over an extended period without rainfall: 
 

¶ Use a 30 day interval using worst case conditions 

¶ Highest evaporation ï 0.26 ft per month. 

¶ Surface of permanent pool will therefore drop up to 0.26 feet (3.1 inches) over this 
period. 

 
Therefore, specify vegetation for the aquatic shelves that can tolerate periods of drawdowns 
of up to 3.1 inches. 
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PLAN VIEW
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(LESS THAN 6" WATER DEPTH)
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WALLS

Cpv or 2 YEAR LEVEL
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WETLANDS

LOW MARSH
FOREBAY

GABION WALL

1' MIN

Figure 6.07.06  Example of Shallow WetlandW-1 W-1

STABLE

OUTFALL

Shallow wetlands provide WQv in a shallow pool that has a large surface area.

10' MIN

MAXIMUM ELEVATION

OF 100 YEAR STORM

SAFETY BENCH

HARDENED

PAD

25 YEAR LEVEL

ORIFICE

*HOOD TO BE PROVIDED FOR ANY ORIFICE

8 INCHES IN DIAMETER/MAXIMUM

DIMENSION AND SMALLER

NOT TO SCALE

NOT TO SCALE

ADEQUATE ACCESS FOR BASIN MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

This example does not constitute a design and is for illustrative purposes only.
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Figure 6.07.07  Example of Extended Detention Shallow WetlandW-2 W-2

STABLE

OUTFALL

Extended detention wetlands provide water quality storage by a combination of shallow wetland pool

and extended detention storage.
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NOT TO SCALE

NOT TO SCALE
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This example does not constitute a design and is for illustrative purposes only.
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Figure 6.07.08  Example of Pond/Wetland SystemW-3 W-3
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(25' MINIMUM)

In this BMP, a deep permanent pool is placed before the shallow wetland.
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NOT TO SCALE
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ADEQUATE ACCESS FOR BASIN MAINTENANCE
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This example does not constitute a design and is for illustrative purposes only.  
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PLAN VIEW

PROFILE

OUTFALL

STRUCTURE

NORMAL

POOL LEVEL

HOOD*

WING

WALLS

SWALE

MICROPOOL

Cpv or 2 YEAR LEVEL

100 YEAR LEVEL

FOREBAY

LOW MARSH

HIGH MARSH

OUTLET PIPE

EMBANKMENT

ANTI-SEEPAGE

COLLAR
STABLE

OUTFALL

1' MIN

OUTLET PIPE

EMBANKMENT

HOOD*
FOREBAY

MICRO-

POOL

SWALE

HIGH MARSH

LOW MARSH

OUTFALL

STRUCTURE

W-4 W-4Figure 6.07.09  Example of "Pocket" Wetland

A high groundwater table or groundwater interception helps maintain the shallow marsh pool in a

pocket wetland.
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This example does not constitute a design and is for illustrative purposes only.
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C.  Stormwater Infiltration 

 
1. Infiltration Feasibility Criteria 
 

To be suitable for infiltration, underlying soils shall have an infiltration rate (f) of 0.52 inches 
per hour or greater, as initially determined from NRCS soil textural classification and 
subsequently confirmed by field geotechnical tests.  Approved geotechnical testing 
procedures for feasibility and design are outlined in Appendix D-1 of the Maryland Stormwater 
Design Manual. The minimum geotechnical testing is one test hole per 5000 sf, with a 
minimum of two borings per facility (taken within the proposed limits of the facility). 
 
Soils should also have a clay content less than 20% and a silt/clay content less than 40%.  
 
Infiltration cannot be located on slopes greater than 15% or within fill soils. 
 
To protect groundwater from possible contamination, runoff from common stormwater hotspot 
land uses or activities cannot be infiltrated without proper pretreatment to remove 
hydrocarbons, trace metals, or toxicants.   
  
Infiltration may be prohibited within areas of karst topography.  If a site overlies karst geology, 
the local approval authority should be consulted for specific design requirements.  
 
The bottom of the infiltration facility shall be separated by at least four feet vertically from the 
seasonally high water table or bedrock layer, as documented by on-site soil testing.   
 
Infiltration facilities should be located a minimum of 100 feet horizontally from any water 
supply well. 
 
The maximum contributing area to an individual infiltration practice should generally be less 
than 5 acres. 
 
Infiltration practices should not be placed in locations that cause water problems to 
downgrade properties.  Infiltration facilities should be setback 25 feet (10 feet for dry wells) 
down-gradient from structures. 
 

2. Infiltration Conveyance Criteria 
 

A conveyance system shall be included in the design of all infiltration practices in order to 
ensure that excess flow is discharged at non-erosive velocities. 
 

 
Definition: Practices that capture and temporarily store the WQv while allowing infiltration into 
the soil over a prescribed period. Design variants include: 
 
ü I-1 infiltration trench     (Figure 6.07.10) 
ü I-2 infiltration basin     (Figure 6.07.11) 
 
Infiltration practices may provide Cpv and Qp storage in certain limited cases. 
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The overland flow path of surface runoff exceeding the capacity of the infiltration system shall 
be evaluated to preclude erosive concentrated flow.  If computed flow velocities do not exceed 
the non-erosive threshold, overflow may be accommodated by natural topography (see 
Appendix D-12 of the Maryland Stormwater Design Manual for the critical erosive velocities for 
grass and soil). 
 
All infiltration systems should be designed to fully de-water the entire WQv within 48 hours 
after the storm event. 
 
If runoff is delivered by a storm drain pipe or along the main conveyance system, the 
infiltration practice should be designed as an off-line practice.  (See Detail No. 5, Appendix D-
8 of the Maryland Stormwater Design Manual for example of an off-line infiltration practice.) 
 
Adequate stormwater outfalls shall be provided for the overflow associated with all design 
storm events (non-erosive velocities on the down-slope). 
 

3. Infiltration Pretreatment Criteria 
 

Pretreatment Volume 
 
A minimum of 25% of the WQv must be pretreated prior to entry to an infiltration facility. If the f 
for the underlying soils is greater than 2.00 inches per hour, 50% of the WQv shall be 
pretreated prior to entry into an infiltration facility. This can be provided by a sedimentation 
basin, stilling basin, sump pit or other acceptable measures. Exit velocities from pretreatment 
shall be non-erosive during the two-year design storm.   
 
The Camp-Hazen equation (Section 6.07.04, sub-section 3) may be used as an acceptable 
alternative for determining infiltration pretreatment requirements. 
 
Pretreatment Techniques to Prevent Clogging 
 
Each infiltration system shall have redundant methods to protect the long term integrity of the 
infiltration rate. The following techniques, at least three per trench (I-1) and two per basin (I-2), 
must be installed in every infiltration practice:  
 
ü grass channel (see Section 6.08 - Credit #5 for example computation and 

requirements for use) 
ü grass filter strip (minimum 20 feet and only if sheet flow is established and maintained) 
ü bottom sand layer  
ü upper sand layer (6ò minimum) with filter fabric at sand/gravel interface 
ü use of washed bank run gravel as aggregate   
 
The sides of infiltration practices shall be lined with an acceptable filter fabric that prevents soil 
piping but has greater permeability than the parent soil (see Appendix B-2). 
 

4. Infiltration Treatment Criteria 
 
Infiltration practices shall be designed to exfiltrate the entire WQv less the pretreatment 
volume through the floor of each practice using the design methods outlined in Appendix D-13 
of the Maryland Stormwater Design Manual. 
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Infiltration practices are best used in conjunction with other BMPs and often downstream 
detention is still needed to meet the Cpv and Qp sizing criteria. 
 
The construction sequence and specifications for each infiltration practice shall be followed, 
as outlined in Appendix B-2 of the Maryland Stormwater Design Manual.  Experience has 
shown that the longevity of infiltration practices is strongly influenced by the care taken during 
construction. 
 
A porosity value ñnò (n=Vv/Vt) of 0.40 should be used in the design of stone reservoirs for 
infiltration practices. 
 

5. Infiltration Landscaping Criteria  
 

A dense and vigorous vegetative cover shall be established over the contributing pervious 
drainage areas before runoff can be accepted into the facility. Infiltration trenches shall not be 
constructed until the contributing drainage area has been stabilized. Vegetated areas shall be 
uniformly and evenly distributed prior to final inspection. 
 

6. Infiltration Maintenance Criteria 
 

An observation well shall be installed in every infiltration trench, consisting of an anchored six- 
inch diameter perforated PVC pipe with a lockable cap. (See Detail No. 4, Appendix D-8 of the 
Maryland Stormwater Design Manual.) 
 
It is recommended that infiltration designs include dewatering methods in the event of failure.  
This can be done with underdrain pipe systems that accommodate drawdown. 
 
Direct access shall be provided to all infiltration practices for maintenance and rehabilitation.  
 
Infiltration practices should not be covered by an impermeable surface. 
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PLAN VIEW

SECTION

I-1 I-1Figure 6.07.11  Example of Infiltration Trench

The infiltration trench provides groundwater recharge and WQv in one location.
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2.5 INCH DIAMETER CLEAN STONE (BANK

RUN GRAVEL PREFERRED)

SAND FILTER 6" DEEP (MINIMUM)

BERM

OBSERVATION WELL WITH

REMOVABLE, WATERTIGHT,

LOCKABLE LID

ADEQUATE ACCESS FOR MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

ANCHORED 6 INCH

DIAMETER PERFORATED

PVC PIPE (SOLID PIPE

ABOVE FILTER FABRIC)

4 FEET VERTICAL MINIMUM TO SEASONALLY

HIGH WATER TABLE OR BEDROCK

UNDISTURBED SOIL

RUNOFF TO INFILTRATE

SUBSOILS AT A MINIMUM

RATE OF 0.52 INCHES/HR

NOT TO SCALE

NOT TO SCALE

This example does not constitute a design and is for illustrative purposes only.
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PLAN VIEW

PROFILE

INLET PIPE

OUTLET PIPE

EMBANKMENT

OUTFALL

STRUCTURE

BACKUP

UNDERDRAIN

FLAT BASIN FLOOR WITH

          GRASS TURF
STILLING

BASIN

OUTFALL

STRUCTURE

OUTLET PIPE

EMBANKMENT

ANTI-SEEPAGE

COLLAR
STABLE

OUTFALL

1' MIN

INLET PIPE

INFILTRATION

STORAGE

CLEANOUTS VALVE

STILLING

BASIN

100 YEAR LEVEL

Cpv or 2 YEAR LEVEL

BACKUP DRAIN IN CASE OF

STANDING WATER PROBLEMS

I-2 I-2Figure 6.07.11  Example of Infiltration Basin

The WQv is retained in an infiltration basin, where it percolates through the floor of the basin in a two

day period.

10' MIN

*HOOD TO BE PROVIDED FOR ANY ORIFICE

8 INCHES IN DIAMETER/MAXIMUM

DIMENSION AND SMALLER

MAXIMUM ELEVATION

OF 100 YEAR STORM

25 YEAR LEVEL

NOT TO SCALE

NOT TO SCALE

ADEQUATE ACCESS FOR BASIN MAINTENANCE

AND INSPECTION SHALL BE PROVIDED.

This example does not constitute a design and is for illustrative purposes only.
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D.  Stormwater Filtering Systems 

 
1. Filtering Feasibility Criteria 
 

Most stormwater filters normally require two to six feet of head.  However, the perimeter sand 
filter (F-3) can be designed to function with as little as one foot of head. 
 
The maximum contributing area to an individual stormwater filtering system is usually less 
than 10 acres. 
 
Sand and organic filtering systems are generally applied to land uses with a high percentage 
of impervious surfaces.  Drainage area imperviousness less than 75% discharging to a 
filtering practice shall require full sedimentation pretreatment techniques (see Equation in the 
following sub-section 3). 
 

2. Filtering Conveyance Criteria 
 

If runoff is delivered by a storm drain pipe or is along the main conveyance system, the 
filtering practice shall be designed off-line.  (See Detail No. 5 in Appendix D-8 of the Maryland 
Stormwater Design Manual.) 
 
Overflow for the 15-year, 20-minute storm shall be provided to a non-erosive outlet point (e.g., 
prevent downstream slope erosion).  See Appendix D-12 of the Maryland Stormwater Design 
Manual for critical non-erosive velocities for grass and soil. 
 
A flow regulator (or flow splitter diversion structure) shall be provided to divert the WQv to the 
filtering practice (see Detail No. 5, Appendix D-8 of the Maryland Stormwater Design Manual).  
 
Stormwater filters shall have side slopes 4:1 or flatter and be equipped with a minimum 4" 
perforated pipe underdrain (6" is preferred) in a gravel layer.  A permeable filter fabric 
(Appendix B-3 of the Maryland Stormwater Design Manual) shall be placed between the 
gravel layer and the filter media in sand filters and on the sides in bioretention.   
 

 
Definition: Practices that capture and temporarily store the WQv and pass it through a filter bed 
of sand, organic matter, soil or other media. Filtered runoff may be collected and returned to the 
conveyance system or allowed to partially exfiltrate into the soil. Design variants include:  

 
ü F-1 surface sand filter    (Figure 6.07.12) 
ü F-2 underground sand filter   (Figure 6.07.13) 
ü F-3 perimeter sand filter    (Figure 6.07.14) 
ü F-4 organic filter      (Figure 6.07.15) 
ü F-5 pocket sand filter    (Figure 6.07.16) 
ü F-6 bioretention      (Figure 6.07.17) 
 
Filtering systems shall not be designed to meet Cpv or Qp requirements except under extremely 
unusual conditions.  Filtering practices shall generally be combined with a separate facility to 
provide those controls.   
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3. Filtering Pretreatment Criteria 
 

Dry or wet pretreatment equivalent to at least 25% of the computed WQv shall be provided 
prior to filter media.  The typical method is a sedimentation basin that has a length to width 
ratio of 2:1.  The Camp-Hazen equation, which accounts for the effects of turbulent flow, is 
used to compute the required minimum surface area for sand and organic filters for 
pretreatment (WSDC, 1992). 
 
The required sedimentation basin minimum surface area is computed using the following 
equation: 
 

As=(Qo/W)xEô  
where: 

 
As  = sedimentation basin surface area (ft2) 
Qo = discharge rate from basin = (WQv/24 hr) 
W = particle settling velocity (ft/sec) 

for I Ò 75%, use 0.0004 ft/sec (particle size=20 microns) 
for I > 75%, use 0.0033 ft/sec (particle size=40 microns) (1) 
(I = percent impervious) 

Eô = sediment trapping efficiency constant; for sediment trapping  
  efficiency (E) of 90%, Eô = 2.30  (2) 

   
(1). Sites with greater than 75% imperviousness have a higher percentage of course-grained 

sediments (Shaver and Baldwin, 1991). Therefore, the target particle size for sedimentation basins 
may be increased to 40 microns and the surface area reduced. 

 
(2). The sediment trapping efficiency constant (Eô) may be calculated from the sediment trapping 

efficiency (E) using the following equation: Eô = -ln [1-(E/100)] 

 
The equation reduces to 
 

Asf = (0.066) (WQv) ft
2 for I Ò 75% 

Asp = (0.0081) (WQv) ft
2 for I > 75% 

where: 
Asf   =  sedimentation basin surface area full 
Asp =  sedimentation basin surface area partial 

 
Adequate pretreatment for bioretention systems (F-6) is provided when all of the following are 
provided: (a) 20ô grass filter strip below a level spreader or optional sand filter layer, (b) gravel 
diaphragm and (c) a mulch layer.  
 

4. Filtering Treatment Criteria 
 

The entire treatment system (including pretreatment) shall temporarily hold at least 75% of the 
WQv prior to filtration.  
 
The filter bed typically has a minimum depth of 18".  Sand filters shall have a minimum filter 
bed depth of 12". 
 
Filtering practices typically cannot provide Cpv or Qp under most site conditions. 
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The filter media shall conform to the specifications listed in Table B.3.1 (Appendix B.3 of the 
Maryland Stormwater Design Manual). 
 
The filter area for filter designs F-1 to F-5 shall be sized based on the principles of Darcyôs 
Law.  A coefficient of permeability (k) shall be used as follows: 
 
Sand:   3.5 ft/day (City of Austin 1988) 
Peat:   2.0 ft/day (Galli 1990) 
Leaf compost:  8.7 ft/day (Claytor and Schueler, 1996) 
Bioretention Soil: 0.5 ft/day (Claytor and Schueler, 1996) 
 
Bioretention systems (F-6) shall consist of the following treatment components: A 2 ½ to 4 foot 
deep planting soil bed, a surface mulch layer, and a 12" deep surface ponding area. 
 
The required filter bed area (Af) is computed using the following equation 
 

Af = (WQv) (df) / [ (k) (hf + df) (tf)]  
where: 

Af = Surface area of filter bed (ft2) 
WQv = water quality volume (ft3) 
df = filter bed depth (ft) 
k = coefficient of permeability of filter media (ft/day) 
hf  = average height of water above filter bed (ft) 
tf = design filter bed drain time (days)* 

 
*1.67 days is recommended maximum for sand filters, 2.0 days for bioretention) 
 

 
5. Filtering Landscaping Criteria  
 

Landscaping is critical to the performance and function of bioretention areas. Therefore, a 
landscaping plan must be provided for bioretention areas per the guidance provided in 
MSD Landscape Guide for Stormwater Best Management Practice Design.  Side slopes shall 
be sodded, or seeded using an erosion control blanket appropriate for the application per the 
manufacturerôs specifications. Vegetated areas shall be uniformly and evenly distributed with 
vigorous growth of permanent vegetation prior to final inspection. 
 
Filters F-1, F-4 and F-5 may have a grass cover to aid in pollutant adsorption.  The grass 
should be capable of withstanding frequent periods of inundation and drought (see MSD 
Landscape Guide for Stormwater Best Management Practice Design for species selection 
guide). 
 
Planting recommendations for bioretention facilities are as follows: 
 

¶ Native plant species should be specified over non-native species. 

¶ Vegetation should be selected based on a specified zone of hydric tolerance. 

¶ Species should be planted in larger groupings to emphasis intentionality of pond 
landscaping. 

¶ A selection of trees with an understory of shrubs and herbaceous materials should be 
provided. 

¶ Woody vegetation should not be specified at inflow locations. 
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6. Filtering Maintenance Criteria 
 

The sediment chamber outlet devices shall be cleaned/repaired when drawdown times within 
the chamber exceed 36 hours.  Trash and debris shall be removed as necessary. 
 
Sediment should be cleaned out of the sedimentation chamber when it accumulates to a 
depth of more than six inches.  Vegetation within the sedimentation chamber should be limited 
to a height of 18 inches.   
 
When the filtering capacity of the filter diminishes substantially (e.g., when water ponds on the 
surface of the filter bed for more than 72 hours), the top few inches of discolored material shall 
be removed and shall be replaced with fresh material.  The removed sediments should be 
disposed in an acceptable manner (e.g., landfill).  Silt/sediment should be removed from the 
filter bed when the accumulation exceeds one inch. 
 
Organic filters (F-4) or surface sand filters (F-1) that have a grass cover should be mowed a 
minimum of 3 times per growing season to maintain maximum grass heights less than 12 
inches. 
 
A drop of at least six inches shall be provided at the inlet of bioretention facilities (F-6) (stone 
diaphragm).  Dead or diseased plant material shall be replaced.  Areas devoid of mulch 
should be re-mulched on an annual basis.  
 
Direct maintenance access shall be provided to the pretreatment area and the filter bed. 
 
Construction of sand filters and bioretention areas shall conform to the specifications outlined 
in Appendix B-3 of the Maryland Stormwater Design Manual. 
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F-1 
 

Figure 6.07.12 Example of Surface Sand Filter 
 

F-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Surface sand filters can serve the largest drainage area of all the filtering systems. 

This example does not const itute a design and is for illustrative purposes only.  
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F-2 
 

Figure 6.07.13 Example of Underground Sand Filter 
 

F-2 
 
 

       
 
 
The underground sand filter is an option for providing WQv where space is limited. 

This example does not constitute a desi gn and is for illustrative purposes only.  

 


